Introduction: In laparoscopic or robotic surgery, surgeons cannot directly palpate
Introduction
The status of lymph node (LN) metastasis is important for predicting the clinical outcomes of patients who have undergone curative resection of colorectal cancer and for deciding whether postoperative adjuvant chemotherapy should be recommended (1) . Metastatic LN should be completely dissected for curative resection. Huh et al. described the usefulness of intraoperative staging based on palpation of the tumor and LN in rectal cancer (2) . From this viewpoint, some surgeons may claim that open surgery is superior to laparoscopic surgery because they can directly palpate the primary tumor and LN in open surgery. Also, intraoperative diagnosis of LN metastasis in laparoscopic surgery is likely to be less accurate than in open surgery. Others may consider robotic surgery to be inferior to laparoscopic surgery because of the lack of haptics in robotic surgery. Despite the differing viewpoints, no studies have evaluated palpation diagnosis of LN metastasis for individual LN in colorectal cancer. Therefore, this study was performed to evaluate the importance of palpation diagnosis of LN metastasis in a node-by-node analysis.
Materials and Methods

Study population
This study enrolled 408 patients who underwent curative resection for primary colorectal adenocarcinoma between January 2014 and December 2014 at the Shizuoka Cancer Center Hospital in Japan. Patients who received preoperative chemotherapy or preoperative radiation therapy (n = 6) were excluded. Patient characteristics and the pathological and intraoperative findings were recorded in a prospective database. Data collection and analysis were approved by the institutional review board of Shizuoka Cancer Center Hospital (institutional code: 27-J44-27-1).
LN examination
LN were manually dissected by residents in the Division of Colon and Rectal Surgery as soon as the specimens were taken out. Mesocolic, mesorectal, and lateral LN were assessed. The short-axis diameter of each dissected LN was measured, and then the LN was examined by palpation by the surgical residents to determine whether it was metastatic based on its consistency. LN harder than elastic hardness were diagnosed as metastatic LN in palpation diagnosis. Each LN was placed in numbered cup and fixed in 10% buffered formalin for 24 h. The size and palpation diagnosis of each LN was recorded in numerical order of LN. Pathological diagnosis was recorded in an order that corresponded to the numbered cups. Consequently, palpation diagnosis of LN could be compared with pathological diagnosis in a node-by-node analysis by size.
Statistical analysis
Continuous variables are expressed as medians (range). Sensitivities, specificities, positive predictive values (PPV), negative predictive values (NPV), and accuracies were calculated for palpation diagnosis of LN metastasis in both patient-by-patient and node-by-node analyses. In the node-by-node analysis, they were also calculated according to LN size. All statistical analyses were performed using JMP software version 11.0 (SAS Institute, Cary, USA).
Results
The clinicopathological characteristics of the patients are shown in Table 1 . The proportions of colon cancer (n = 210) and rectal cancer (n = 198) were 51% and 49%, respectively, and a total of 132 patients (32%) had metastatic LN. The number of overall dissected LN was 13 750, with a median of 31 LN (range, 12-97) examined per specimen. Tables 2 and 3 show sensitivities, specificities, PPV, NPV, and accuracies of palpation diagnosis of LN metastasis in both patient-by-patient and node-by-node analyses. The patient-by-patient analysis showed sensitivity of 75%, specificity of 83%, PPV of 68%, and NPV of 87%; the nodeby-node analysis showed sensitivity of 50%, specificity of 98%, PPV of 52%, NPV of 98%, and accuracy of 97%. In the node-by-node analysis, the sensitivity for LN 15 mm and larger was 90%, whereas the sensitivity for LN 3 mm and smaller was 3%. Sensitivities decreased with LN size. Tables 4 shows the results of node-by-node analyses classified by tumor location, pathological T stage, histology, and BMI. The sensitivity was higher in the right colon group (58%) than in the left colon group (48%) and rectum group (48%). The sensitivity was higher in the T3/T4 group (53%) than in the T1/T2 group (40%).
Discussion
For curative resection, it is essential that all metastatic LN be removed. Therefore, the sensitivity of diagnosis is important.
However, it is difficult to detect small metastatic LN on preoperative diagnostic imaging (3, 4) . Surgeons sometimes need to extend the region of LN dissection based on the intraoperative findings. As such, intraoperative diagnosis of LN metastasis based on inspection and palpation may be important. However, this evaluation of palpation diagnosis of LN metastasis in colorectal cancer showed sensitivity of 75% in the patient-by-patient analysis and only 50% in the node-by-node analysis. Previous studies evaluating palpation diagnosis of LN metastasis in colorectal cancer reported sensitivities that ranged from 67% to 86% in patient-by-patient analyses, which is comparable to the present study (2,5-7). Thesensitivity in the node-by-node analysis was much lower than that in the patient-by-patient analysis. The sensitivity of 50% in the node-by-node analysis implies that half of the pathologically metastatic LN were diagnosed as Palpation diagnosis of LN metastasis was also evaluated by LN size. Sensitivities decreased with LN size. The sensitivity for LN 3 mm and smaller was only 3%. It seems to be extremely difficult to identify small metastatic LN by palpation alone. Moreover, preoperative MRI could not detect LN smaller than 3 mm with metastasis (6,7). Both preoperative and intraoperative diagnoses based on palpation for small LN metastasis are almost impossible. The sensitivity of palpation diagnosis was higher in the right colon group (58%) and in the T3/T4 group (53%). These might result from differences in LN size-that is, LN size was larger in the right colon group and in the T3/T4 group. Therefore, it is important to dissect the appropriate LN region corresponding to each cancer, such as Japanese D3 lymph node dissection or central vascular ligation (8, 9) .
Previous studies showed that there was no relationship between metastatic LN size and the ratio of the metastatic area within LN (10, 11) . They also reported that the metastatic area in 6.7%-15% of metastatic LN accounted for less than 25% of the LN. It appears to be difficult to distinguish between metastatic and non-metastatic LN by palpation alone.
Previous studies measuring LN diameters in colorectal cancer by a microscopic method reported that the average sizes of metastatic LN were 3.9-6.9 mm and that of nonmetastatic LN were 2.2-4.5 mm (11) (12) (13) (14) (15) (16) . The proportion of metastatic LN 5 mm and smaller was reported to be 45.4%-70.3% and the proportion 3 mm and smaller was reported to be 11.3%-28%; the proportion of LNmetastatic patients having only metastatic LN 3 mm and smaller was reported to be 1.3%-4.1% (10) (11) (12) 14, (17) (18) (19) . In this study, LN sizes were measured macroscopically. The median sizes of metastatic and non-metastatic LN were 6.0 mm and 3.0 mm, respectively. The proportions of metastatic LN 5 mm and smaller and 3 mm and smaller in all metastatic LN were 47% and 24%, respectively, and the proportion of LN-metastatic patients having only metastatic LN 3 mm and smaller was 2.9%. Therefore, there were no differences between macroscopic and microscopic methods for measuring LN size.
In laparoscopic surgery, surgeons cannot directly palpate LN, which may be considered a shortcoming of the procedure. Our result showed that palpation diagnosis of LN metastasis was unreliable. However, previous studies reported that laparoscopic surgery for colorectal cancer can achieve an LN harvest equal to that achieved by open surgery (20) (21) (22) . Therefore, neither laparoscopic nor robotic surgery is inferior to open surgery in terms of LN dissection.
There were several limitations in the present study. First, this was a retrospective study of prospectively collected data in a single institution. Second, LN harder than elastic hardness were defined as metastatic LN in palpation diagnosis. However, there is no universal standard for palpation diagnosis of LN metastasis because of its nature; diagnoses depend on the subjectivity of the surgeons examining the LN to some extent. Third, palpation diagnoses of LN metastasis were made by surgical residents. However, they are experienced in examining LN, as more than 500 patients per year undergo colorectal cancer surgery at out institution and they perform all LN dissections. Fourth, the surgical residents were not blinded to clinical diagnoses of LN metastasis, which could have influenced their palpation diagnoses.
To the best of our knowledge, this is the first study evaluating palpation diagnosis of LN metastasis of colorectal cancer in a node-by-node analysis. All previous studies evaluated palpation diagnosis of LN metastasis in individual patients only. In this study, palpation diagnosis of LN metastasis was compared with pathological diagnosis in a node-by-node analysis because the node-by-node analysis can evaluate palpation diagnosis more accurately than the patient-by-patient analysis.
The sensitivity of palpation diagnosis of LN metastasis in colorectal cancer was only 50% in a node-by-node analysis, which implies that palpation diagnosis of LN metastasis was unreliable. Although poor haptics is considered to be a disadvantage in laparoscopic or robotic surgery, they are not inferior to open surgery in terms of LN dissection.
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